Carapacial scute anomalies of star tortoise (Geochelone elegans) in Western India
The basic taxonomy and classification of reptile species and genera often use pholidotic characters. Despite that each species has a standard pattern, there are always deviant individuals in terms of scale number, shape, size, or color. Turtles are excellent models for the study of developmental instability because anomalies are easily detected in the form of malformations, additions, or reductions in the number of scutes or scales (Velo-Antón et al., 2011) . The normal number of carapacial scutes in turtles is five vertebrals, four pairs of costals, and 12 pairs of marginals, a pattern known as "typical chelonian carapacial scutation" (Deraniyagala, 1939) . Any deviation of vertebral, costal, or marginal scute numbers or their pattern represents an anomaly. Zangerl & Johnson (1957) documented scutation anomalies in 118 species of turtles belonging to seven families, with higher levels of carapace anomalies in aquatic species compared to semiaquatic and terrestrial species.
Here, I present some new information on scale anomaly observed in the Indian Star Tortoise (Geochelone elegans), especially in western populations. This species was first described by Schoepff (1795) . It is widely distributed in dry, deciduous and scrub jungles of India, Sri Lanka and Pakistan.
There are three disjunct distribution patches (Das, 1995 , de Silva, 2003 Fife, 2007; Frazier, 1992) . Geochelone elegans has a characteristic number of scales/scutes on the carapace, consisting of five symmetric vertebrals, four pairs of costals (pleurals), eleven pairs of marginals, and a single supracaudal. A nuchal scute is lacking. On the plastron there is a pair of gular, humeral, pectoral, abdominal, femoral, and anal scutes, along with paired axillary and inguinal scutes (Das, 1995; Frazier, 1987 ). De Silva (2003 provided drawings of carapace and plastron of the species showing the typical scale arrangement and the carapace drawings are from the sources of Deraniyagala (1939) . But the ' Figure 5 ' (on page 13) shows something else, an illustration which is not a typical scale drawing of the species. This figure of a tortoise shows abnormal scales and scutes, especially vertebral, costal and marginal scutes, which are in higher numbers than the provided description of the species by Schoepff (1795) .
Observations (see plate 1 for figures) During the last eleven years , I have come across many star tortoises in the wild (n=65) and in captivity (n=135), belonging to different ages and sizes (from hatchlings to a 55 year old, which was the largest one) (Vyas, 2011) . All specimens were bred under natural conditions (although 5 of the 6 specimens with anomalies were later kept in captivity). The details of anomaly of scales/scutes of each specimen are as follows.
Specimen 1 (S1):
An approximately fourteenyear-old healthy female tortoise found in the wild (near Timba, Panchmahal District, India) with abnormal scutes. This female has typical scales and scutes on the plastron and carapace except for an extra costal scute on its left side and a triangular vertebral scute between the 3 rd and 4 th vertebrals (Fig. 1A) . This extra costal scute developed on left side of the animal due to an extra vertebral scute.
Specimen 2 (S2):
A female tortoise, having over nine growth rings on body scales. This animal had an extra pair of costal scutes and a vertebral scute on the carapace (Fig. 1B) . The plastron scutes were normal and in typical shape. This animal was confiscated by the forest department from a local pet owner at Vadodara. Such abnormality of the costal and vertebral scutes might have possibly resulted from the splitting of one of the vertebral and costal scutes during the embryonic development.
Specimen 3 (S3):
A six-year-old healthy tortoise found in captivity (Sayaji Baug Zoo, Vadodara) with abnormal scutes. This tortoise had typical scales and scutes on the plastron, but on the carapace it had an extra costal scute on its right side and a triangular vertebral scute of the 4 th vertebral (Fig. 1C) . All right side costal scutes were larger than the left ones, due to this extra costal scute development on the carapace.
Specimen 4 (S4):
A five-year-old specimen from captivity (private pet owner) having abnormal scutes on the carapace. This tortoise had typical scales and scutes on the plastron, but on the carapace, it had an extra pair of costal scutes and a large 1 st vertebral scute (Fig. 1D) . The extra pair of costal scutes might be a development of improper split on the 1 st vertebral during its embryonic development.
Specimen 5 (S5):
A juvenile captive tortoise having abnormal scutes on the carapace. This tortoise had normal plastron, but had an extra costal scute on its left side and an extra triangular vertebral scute between the 4 th and 5 th vertebrals (Fig. 1E) . All left side costal scutes were narrower in comparison to the right costals.
Specimen 6 (S6):
An over six-year-old healthy captive tortoise (retrieved from a pet animal trader) having normal and typical scutes, except on the carapace. The specimen had an extra pentagonal scute between the 4 th and 5 th vertebrals and an extra costal scute on its right side (Fig. 1F) .
The scale/scute anomaly was observed in 3% of specimens. Anomalies were found only in the carapace, in the shape and size of vertebral and costals. These instances were recorded in a wide age span (fourteen-to four-year-old animals), suggesting that such anomalies have no negative effect to the health of animals.
The occurrence of anomalies, malformations or asymmetries in wild animals may serve as an indicator of developmental instability, a variable negatively correlated with fitness (Moller, 1997) . Such type of anomaly phenomenon was earlier reported for star tortoises by de Silva (1995 de Silva ( , 2003 , Frazier (1987) and Fife (2007) .
de Silva (1995 Silva ( , 2003 and Frazier (1987) stated that the numbers of scales and scutes are constant with hardly any distinct variation in the species. Fife (2007) mentioned that tortoise is occasionally seen with irregular scutes, either an extra scute or a split scute. This condition occurs in nature but is most commonly seen in captive hatched specimens.
Frazier (1987) stated after examining 98 specimens (most probably from the western population only) that "there was a tendency for an animal with an abnormal number of left costals to also have an abnormal of right costals. The same applies for marginals. Otherwise, there was no tendency for an animal with an abnormality in one kind of scale to also have an abnormality in another kind, abnormal vertebrals do not usually occur with together abnormal marginals". Here, what I have found does not follow the above statement. All six specimens have abnormal costals (either on the right side, the left side, or both) and vertebrals but these do not reflect abnormality with the marginal scales, except the seam contacts of the animals.
In general, such irregular scute abnormalities are caused by multiple genetic, biotic and abiotic factors. Three non-exclusive sources have been proposed as the main causes of scute or scale anomalies in reptiles: (i) temperature and moisture constraints during incubation (Lynn & Ullrich, 1950) , (ii) damaging effects of pollution (Bishop et al., 1994 (Bishop et al., , 1998 and (iii) loss of genetic diversity in bottlenecked or inbred populations (Schwaner, 1990; Soule, 1979) . Fife (2007) 
